Abstract-Laboratories are workplaces for the conduct of experimentation across disciplines and perform interdisciplinary scientific research. This work will summarize the key architectural, engineering, and operational, safety, and sustainability considerations for the design Laboratories.
I.
ARCHITECTURAL CONSIDERATIONS Over the past 30 years, architects, engineers, facility managers, and researchers have refined the design of typical wet and dry labs to a very high level. The following identifies the best solutions in designing a typical lab.
A. Lab Planning Module
The laboratory module is the key unit in any lab facility. When designed correctly, a lab module will fully coordinate all the architectural and engineering systems. A well-designed modular plan will provide the following benefits:
 Flexibility-"The lab module should encourage change" within the building. Research is changing all the time, and buildings must allow for reasonable change. Many private research companies make physical changes to an average of 25% of their labs each year. Most academic institutions annually change the layout of 5 to 10% of their labs, this is being noticed annually across the globe.  Expansion-The use of lab planning modules allows the building to adapt easily to needed expansions or contractions without sacrificing facility and functionality.
A common laboratory module has a width of approximately 10 ft. 6 in. but will vary in depth from 20-30 ft. The depth is based on the size necessary for the lab and the cost-effectiveness of the structural system. The 10 ft. 6 in. dimension is based on two rows of casework and equipment (each row 2 ft. 6 in. deep) on each wall, a 5 ft. aisle, and 6 in. for the wall thickness that separates one lab from another. The 5 ft. aisle width should be considered a minimum because of the requirements of the statutory norms of any Government Councils on Education and Technology which are as per the American standards generally. Two-Directional Lab Module-Another level of flexibility can be achieved by designing a lab module that works in both directions. This allows the casework to be organized in either direction. This concept is more flexible than the basic lab module concept but may require more space. The use of a two-directional grid is beneficial to accommodate different lengths of run for casework. The casework may have to be moved to create a different type or size of workstation.
Three-Dimensional Lab Module-the threedimensional lab module planning concept combines the basic lab module or a two-directional lab module with any lab corridor arrangement for each floor of a building. This means that a three-dimensional lab module can have a single-corridor arrangement on one floor, a two-corridor layout on another, and so on. To create a threedimensional lab module:
 A basic or two-directional lab module must be defined.  All vertical risers must be fully coordinated. (Vertical risers include fire stairs, elevators, restrooms, and shafts for utilities.)  The mechanical, electrical, and plumbing systems must be coordinated in the ceiling to work with the multiple corridor arrangements.
B. Lab Planning Concepts
The relationship of the labs, offices, and corridor will have a significant impact on the functioning and research outputs of any Institution.
 Do the end users want a view from their labs to the exterior, or will the labs be located on the interior, with wall space used for casework and equipment?  Some researchers do not want or cannot have natural light in their research spaces. Special instruments and equipment, such as nuclear magnetic resonance (NMR) apparatus, electron microscopes, and lasers cannot function properly in natural light. Natural daylight is not desired in vivarium facilities or in some support spaces, so these are located in the interior of the building.  Zoning the building between lab and non-lab spaces will reduce costs. Labs require 100% outside air while non-lab spaces can be designed with recirculated air, like an office building. 
C. Flexibility
In today's lab, the ability to expand, reconfigure, and permit multiple uses has become a key concern. The following should be considered to achieve this: 1) Flexible Lab Interiors  Equipment zones-These should be created in the initial design to accommodate equipment, fixed, or movable casework at a later date.  Generic labs  Mobile casework-This can be comprised of mobile tables and mobile base cabinets. It allows researchers to configure and fit out the lab based on their needs as opposed to adjusting to pre-determined fixed casework (see Figure 5 ).  Flexible partitions-These can be taken down and put back up in another location, allowing lab spaces to be configured in a variety of sizes.  Overhead service carriers-These are hung from the ceiling. They can have utilities like piping, electric, data, light fixtures, and snorkel exhausts. They afford maximum flexibility as services are lifted off the floor, allowing free floor space to be configured as needed. 
LABORATORY DESIGN CONCEPTS FOR EFFECTIVE UTILIZATION OF RESOURCES AND OBTAINING GREATER EFFICACY
2) Flexible Engineering Systems  Labs should have easy connects/disconnects at walls and ceilings to allow for fast and affordable hook up of equipment..  The Engineering systems should be designed such that fume hoods can be added or removed.  Space should be allowed in the utility corridors, ceilings, and vertical chases for future HVAC, plumbing, and electric needs.
D. Mechanical Systems
The location of main vertical supply/exhaust shafts as well as horizontal ductwork is very crucial in designing a flexible lab. Key issues to consider and include: efficiency and flexibility, modular design, less initial costs, longterm operational costs, building height and massing, and design image.
The various design options for the mechanical systems are illustrated in Figures 6 to 10 .
E. Electrical Systems
Three types of power are generally used for most laboratory projects:
 Normal power circuits are connected to the utility supply only, without any backup system. Loads that are typically on normal power include some HVAC equipment, general lighting, and most lab equipment.  Emergency power is created with generators that will back up equipment such as refrigerators, freezers, fume hoods, biological safety cabinets, emergency lighting, exhaust fans, animal facilities, and environmental rooms. Examples of safe and efficient emergency power equipment include distributed energy resources (DER), micro turbines, and fuel cells.  An uninterruptible power supply (UPS) is used for data recording, certain computers, microprocessorcontrolled equipment, and possibly the vivarium area. The UPS can be either a central unit or a portable system, such as distributed energy resources (DER), micro turbines, fuel cells, and building integrated photo voltaic (BIPV).
The following should be considered:  Provide a flexible design that allows for easy renovation and modifications.  Provide appropriate plumbing systems for each laboratory based on the lab programming.  Provide systems that minimize energy usage.  Provide equipment arrangements that minimize downtime in the event of a failure.  Locate shutoff valves where they are accessible and easily understood.  Accomplish all of the preceding goals within the construction budget.
II. OPERATIONS AND MAINTENANCE

A. Cost Savings
The following cost saving items can be considered without compromising quality and flexibility:
 Separate lab and non-lab zones.  Try to design with standard building components instead of customized components  Identify at least three manufacturers of each material or piece of equipment specified to ensure competitive bidding for the work.  Locate fume hoods on upper floors to minimize ductwork and the cost of moving air through the building.  Evaluate whether process piping should be handled centrally or locally. In many cases it is more costeffective to locate gases, in cylinders, at the source in the lab instead of centrally.  Create equipment zones to minimize the amount of casework necessary in the initial construction.  Provide space for equipment (e.g., ice machine) that also can be shared with other labs in the entry alcove to the lab. Shared amenities can be more efficient and cost-effective.  Consider designating instrument rooms as crosscorridors, saving space as well as encouraging researchers to share equipment.  Design easy-to-maintain, energy-efficient building systems. Expose mechanical, plumbing, and electrical systems for easy maintenance access from the lab.  Locate all mechanical equipment centrally, either on a lower level of the building or on the penthouse level.  Stack vertical elements above each other without requiring transfers from floor to floor. Such elements include columns, stairs, mechanical closets, and restrooms.
III. LAB AND PERSONNEL SAFETY AND SECURITY Protecting human health and life is paramount, and safety must always be the first concern in laboratory building design. Security-protecting a facility from unauthorized access-is also of critical importance. Today, research facility designers must work within the dense regulatory environment in order to create safe and productive lab spaces.
Laboratory classifications: dependent on the amount and type of chemicals in the lab;  Containment devices: fume hoods and bio-safety cabinets;  Levels of bio-safety containment as a design principle;  Radiation safety;  Employee safety: showers, eyewashes, other protective measures; and  Emergency power.
IV. SUSTAINABILITY CONSIDERATIONS The typical laboratory uses far more energy and water per square foot than the typical office building due to intensive ventilation requirements and other health and safety concerns. Therefore, designers should strive to create sustainable, high performance, and low-energy laboratories that will:
 Minimize overall environmental impacts;  Protect occupant safety; and  Optimize whole building efficiency on a life-cycle basis.
V. THREE LABORATORY SECTORS There are three research laboratory sectors. They are academic laboratories, government laboratories, and private sector laboratories.
 Academic labs are primarily teaching facilities but also include some research labs that engage in public interest or profit generating research.  Government labs include those run by federal agencies and those operated by state government do research in the public interest.  Design of labs for the private sector, run by corporations, is usually driven by the need to enhance the research operation's profit making potential. 
VI. RELEVANT CODES AND STANDARDS
